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(54) ELECTRONIC DEVICE AND METHOD OF MANUFACTURING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an electronic 
device in which the contact resistance across an SiC {*< 
semiconductor and an electrode is reduced. 

SOLUTION: The electronic device is provided with a p- f~"! 
type or n-type SiC semiconductor part and a carbon 
electrode which is installed on the SiC semiconductor 
part and which contains a carbon nanotube extended 
from the surface of the SiC semiconductor part. 
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[0014] 

[Embodiment of the Invention]Hereafter, the embodiment of this invention is described in detail, 
referring to drawings. In each figure, the same reference mark is given to a similarly similar 
component, and the overlapping explanation is omitted to it. 

[0015](A 1st embodiment) A 1st embodiment explains the formation method of the carbon 
electrode which applied the method and it which form a carbon nanotube to the SiC substrate. 
[001 6] Drawing 1 (a) - (e) is a figure showing roughly the formation method of the carbon 
electrode concerning a 1st embodiment of this invention. Drawing 1 (a) and (c) - (e) are sectional 
views, and drawing 1 (b) is a perspective view of drawing 1 (c). Drawing 1 (e) is drawing the wider 
range compared with drawing 1 (a) - (d). 

[0017]In the method concerning this embodiment, first, as shown in drawing 1 (a), SiC substrate 
1 which has Si (silicon) side on the surface and has C (carbon) side at the rear face is prepared. 
Next, it is RCA washing (it and) about this SiC substrate 1 . [ H- 2 -0- 2 -+-H- 2 -SO- 4 -] It washes 

in order of rinsing, rare HF washing, rinsing, NH 4 OH+H 2 0 2 +H 2 0 washing, rinsing, rare HF washing, 

rinsing, HCI+H 2 0 2 +H 2 0 washing, rinsing, and rare HF washing. 

[0018]Subsequently, as shown in drawing 1 (b), the initial core 2 of carbon is formed in the Si 
face of SiC substrate 1. This initial core 2 of carbon can be formed using the CVD system shown 
in drawing 2 , for example. 

[001 9] Drawing 2 is a figure showing an example of an usable CVD system roughly by the method 
shown in drawing 1 (a) - (e). The CVD system shown in drawing 2 has the tube type CVD 
furnace 51. The gas supply sources 54a and 54b are connected to the CVD furnace 51 via the 
massflow controllers 52a and 52b and the valves 53a and 53b, respectively, Supply in the CVD 
furnace 51 is enabled from the gas supply source 52a by the flow of the request of propane 
(C 3 H 8 ) gas and the hydrogen (H 2 ) gas from the gas supply source 52b. The rotary pump 55 is 

further connected to the CVD furnace 51, and gas pressure in the CVD furnace 51 is made 
controllable. 

[0020]In forming the initial core 2 of carbon using this CVD system, SiC substrate 1 which 
performed the above-mentioned washing processing is first carried in in the CVD furnace 51. 
Subsequently, by supplying H 2 gas and C 3 H 8 gas in the CVD furnace 51, driving the pump 55 and 

making the inside of the CVD furnace 51 into a predetermined reduced pressure state, and 
carrying out the pyrolysis of these gas, The carbon cluster whose particle diameter is several 
angstroms - tens ofA as the initial core 2 of carbon is formed in the Si face of SiC substrate 1. 
After specifically laying SiC substrate 1 on the mounting base of the CVD furnace 51 shown in 
drawing 2 , After repeating the exhaust air (below 1.0x10 ~ 2 Pa) with the pump 55 of the 
atmosphere in the CVD furnace 51, and the substitution by H 2 gas, the inside of the CVD 

furnace 51 is heated supplying H 2 gas by the flow of 500sccm. When tube temperature gives 500 

** - 1 100 ** to 800 ** - 1000 ** preferably, By introducing C~H Q gas by the flow of 50sccm in 
* c ©c °C C 0 0 

the CVD furnace 51, and carrying out the pyrolysis of them, as shown in drawing 1 (b), the 
carbon cluster (several angstroms - tens of A) 2 can be formed in the Si face of SiC substrate 
1. 

[0021]Here, although propane (C 3 H 8 ) was used as a carbon source, other hydrocarbon, such as 

ethylene and acetylene, can also be used. Next, SiC substrate 1 in which the carbon cluster 2 
was formed to the Si face is carried in in the electric furnace provided with the induction- 
heating type carbon heater, for example. Subsequently, the inside of an electric furnace is 

-9 °c 
decompressed below to 1.0x10 Pa, and temperature up is carried out to 1200-1800-**. 

[0022]First, if such a vacuum heating process is performed, as shown in drawing 1 (c). Si atom is 
selectively desorbed from the surrounding portion of the carbon cluster 2 of SiC substrate 1, and 
C atoms which produced the joint hand by desorption of Si recombine in connection with it. As a 
result, as shown in drawing 1 (d), the carbon nanotube 3 of the a large number book which 
extended from the Si face of SiC substrate 1 is formed. By continuing the above-mentioned 
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vacuum heating process, these carbon nanotubes 3 grow further considering the. surface area of 
SiC substrate 1 as a raw material, as shown in drawing 1 (e). The carbon electrode 5 having 
contained the carbon nanotube 3 which extended from the surface of SiC substrate 1 as 
mentioned above is obtained. 

[0023]It can check easily that the carbon electrode 5 contains the carbon nanotube 3 by 
observing by TEM etc. In the carbon electrode 5. usually obtained by such a method, to a 
substrates face, orientation is carried out vertically, and according to observation by TEM, these 
carbon nanotubes 3 are densely arranged, respectively to such an extent that a crevice hardly 
exists between the adjacent abbreviated carbon nanotubes 3. The diameters of the carbon 
nanotube 3 obtained by such a method are 3 nm - about 12 nm, and densities are 1x10 11 - a 
5x10 13 book / cm 2 grade. 

[0024]Although the carbon cluster 2 was formed in the method mentioned above using the heat 
CVD, the carbon cluster 2 can also be formed using plasma CVD. For example, SiC substrate 1 
which performed RCA washing is carried in in a plasma CVD chamber, Supplying respectively 
helium gas, H 2 gas, CH 4 gas, and CF 4 gas by the flow of 50sccm, 5sccm, 1sccm, and 30sccm in a 

chamber, and setting total pressure to 4.0x10 4 Pa. The carbon cluster 2 can be formed in the 
surface of SiC substrate 1 by substrate temperature's being 300 **, setting supplied power to 
100W, and performing deposition treatment of a for [ about 10 to 100 seconds ]. When the 
carbon cluster 2 is formed by such a method, the same effect as the case where the heat CVD 
is used can be acquired. 

[0025]The carbon cluster 2 can also be formed using sputtering. The same result can be 
obtained even if it uses weld slag. For example, after carrying in SiC substrate 1 which 
performed RCA washing in sputtering chambers, Below back pressure 1.0x10 ~ 3 Pa carries out 
the inside of a chamber, and further, The carbon cluster 2 can be formed in the Si face of SiC 
substrate 1 by making the inside of a chamber into Ar atmosphere of 6.7x10 " 1 Pa, producing 
discharge with the supplied power of 100W, and making plasma collide with a carbon target. When 
the carbon cluster 2 is formed by such a method, the same effect as the case where the heat 
CVD is used can be acquired. 

[0026]As mentioned above, although the carbon cluster was formed by the gaseous phase 
depositing method as the initial core 2 of carbon, the initial core 2 of carbon can also be formed 
by C ion implantation. This is explained referring to drawing 3 . 

[0027] Drawing 3 is a sectional view showing roughly the formation method of the initial core of 
carbon which used ion implantation. Formation of the initial core 2 of carbon by C ion 
implantation is performed by the following methods, for example. First, SiC substrate 1 which 
performed RCA washing is carried in into ion implantation equipment. Next, accelerating voltage 
of C ion implantation is more preferably set to about 30 keV ten to 50 keV, and C is poured into 
the Si face of SiC substrate 1 by making the total dose into 1x10 16 - 1x10 17 cm~ 3 . Then, heat 
treatment of about 1200-1500 ** is performed to SiC substrate 1. Thereby, as shown in drawing 
3, C poured into the surface area of SiC substrate 1 changes to the carbon cluster 2. When the 
carbon cluster 2 is formed by such a method, the same effect as the case where the heat CVD 
is used can be acquired. 

[0028]As mentioned above, although it explained forming in the Si face of SiC substrate 1 the 
carbon electrode 5 having contained the carbon nanotube 3, the carbon electrode 5 which 
contained. the carbon nanotube 3 by the method same with having mentioned above also to C 
side of SiC substrate 1 can be formed. Since carbon exists in C side of SiC substrate 1 unlike 
the Si face of SiC substrate 1, when forming the carbon electrode 5 in C side of SiC substrate 1, 
it is not necessary to form the initial core 2 of carbon. That is, the same carbon electrode 5 as 
the above can be formed in C side of SiC substrate 1 by, for example, heating SiC substrate 1 at 
1200-1800 w under the pressure below 1.0x10 " 2 Pa with the electric furnace provided with the 
induction-heating type carbon heater etc. 

[0029]Although it was known from the former that it is possible to form a carbon nanotube in C 
side of a SiC substrate by a vacuum heating process, It was said that a carbon nanotube could 
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not be formed in a Si face (M. Kusunokiet al. Appl.Phys.Lett., Vol.77, No.4, 531 (2000)). However, 
it becomes possible as above-mentioned to form the carbon nanotube 3 also in the Si face of 
SiC substrate 1 by forming the initial core 2 of carbon. That is, it becomes possible to use the 
combination of SiC substrate 1 and the carbon electrode 5 which could form the carbon 
nanotube, without receiving restrictions of a field, therefore were mentioned above with various 
electronic devices. 

[0030]In the method explained above, by making C atoms which exist in SiC substrate 1 
recombine, the carbon nanotube 3 is formed, therefore SiC substrate 1 and the carbon nanotube 
3 are combined atomically. Therefore, the contact resistance between the carbon electrode 5 
and SiC substrate 1 which are obtained by such a method is very low. 

[0031 ]For example, when the carbon electrode 5 is formed in the Si face of SiC substrate 1 

1 ft _o 

which made n type impurity concentration more than 1x10 cm by the above-mentioned 
method, Contact resistance rhoc of SiC substrate 1 and the carbon electrode 5 is below 1x10 ~ 
6 omegacm 2 , When the carbon electrode 5 was formed in the Si face of SiC substrate 1 which 
made p type impurity concentration more than 1x10 cm by the above-mentioned method, 
contact resistance rhoc of SiC substrate 1 and the carbon electrode 5 was below 1x10 ~ 

CO 

omegacm . When the carbon electrode 5 is formed in C side of SiC substrate 1 which made n 

1 ft _o 

type impurity concentration more than 1x10 cm by the above-mentioned method on the 
other hand, Contact resistance rhoc of SiC substrate 1 and the carbon electrode 5 is below 

1x10 omegacm , When the carbon electrode 5 was formed in C side of SiC substrate 1 which 

1 ft _o 

made p type impurity concentration more than 1x10 cm by the above-mentioned method, 

contact resistance rhoc of SiC substrate 1 and the carbon electrode 5 was below 1x10 " 

5 2 
omegacm . 

[0032]By on the other hand, the method indicated by JP,2000-2941 1 9,A. The carbon nanotube 
was formed beforehand, the carbon nanotube membrane produced by giving orientation and 
collecting these carbon nanotubes was contacted to the SiC substrate, and the contact 
resistance between carbon nanotube membrane and a SiC substrate was investigated. As a 

"I o 

result, those contact resistance rhoc was more than 1x10 omegacm and a very big value. 
[0033]As mentioned above, when the SiC substrate and the carbon nanotube have joined 
together atomically, it turns out that far low contact resistance can be realized compared with 
the case where a SiC substrate and a carbon nanotube are only contacted. 
[0034]The carbon electrode 5 obtained by the method concerning this embodiment has the 
structure which juxtaposed many carbon nanotubes 3 of the book on SiC substrate 1, therefore 
its surface area is dramatically large. Therefore, this carbon electrode 5 is excellent in heat 
dissipation nature. With the structure acquired by this embodiment, as above-mentioned. Since 
the SiC substrate and the carbon nanotube have joined together atomically, compared with the 
structure etc. which are acquired by pasting up a carbon nanotube on a SiC substrate, the 
adhesion between a SiC substrate and a carbon nanotube is far high. Therefore, in the structure 
acquired by this embodiment, it is hard to produce the exfoliation from the SiC substrate of the 
carbon electrode 5, etc. Thus, according to this embodiment, the carbon electrode the contact 
resistance between SiC substrates excelled [ carbon electrode ] in heat dissipation nature and a 
mechanical strength low can be formed. 

[0035]According to the temperature and time of a vacuum heating process, the length of the 
carbon nanotube 3 is controllable by the method concerning this embodiment. That is, the longer 
carbon nanotube 3 can be formed by being a higher temperature and/or usually performing a 
vacuum heating process over longer time. For example, when the above-mentioned vacuum 
heating process is performed at the temperature of 1200 o -** under the pressure below 1.0x10 ~ 

Pa for 0.5 hour, the carbon nanotube 3 about 5 nm long can be obtained. When the above- 
mentioned vacuum heating process is performed at the temperature of 1400 o ** for 0.5 hour, the 
carbon nanotube 3 about 50 nm long can be obtained, and when the above-mentioned vacuum 
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heating process is performed at the temperature of 1600 ** for 0.5 hour, the carbon nanotube 3 
about 300 nm long can be obtained. 

[0036]However, when the thickness (average of the length of the carbon nanotube 3) of the 
carbon electrode 5 exceeds 1 micrometer, by the difference in the coefficient of thermal 
expansion between SiC substrate 1 and the carbon electrode 5. A strain may arise in the joined 
part between them, the carbon electrode 5 may be cracked near SiC substrate 1 as a result, and 
the part may exfoliate. When such exfoliation is produced, contact resistance will increase even 

to for example, a 1.0x10 omegacm grade. Therefore, as for the thickness (average of the 
length of the carbon nanotube 3) of the carbon electrode 5, it is preferred that it is 1 micrometer 
or less. 

[0037]Graphite can be made intermingled all over the carbon electrode 5 in the method 
concerning this embodiment. Usually, if SiC substrate 1 in which the carbon cluster 2 was 
formed to the Si face is heated to a temperature of 1800-2000 *** higher than the forming 
temperature of a carbon nanotube as shown in drawing 1 (b), on SiC substrate 1, not a carbon 
nanotube but the graphite which carried out orientation at random will be formed. On the other 
hand, to C side of SiC substrate 1, unlike the case of a Si face, it cannot be concerned with the 
existence of the carbon cluster 2, but graphite can be formed by same heat treatment. 
[0038]Therefore, for example, make cooking temperature in the case of the above-mentioned 
vacuum heating process into the temperature in which a carbon nanotube is mainly formed, and 
it ranks second, By considering it as the temperature in which graphite is mainly formed etc., the 
carbon electrode 5 of the structure where the graphite layer and the carbon nanotube layer were 
laminated one by one from the SiC~substrate 1 side can be formed. When such a carbon 
electrode 5 was formed, the almost same effect as the case where the carbon electrode 5 
contains only the carbon nanotube 3 was able to be acquired. 

[0039](A 2nd embodiment) According to a 2nd embodiment, the formation method of the carbon 
electrode explained by a 1st embodiment is used for manufacture of a n type Schottky diode. 
[0040] Drawing 4 (a) - (f) is a sectional view showing roughly the manufacturing method of the n 
type Schottky diode concerning a 2nd embodiment of this invention. According to this 
embodiment, it produces by the method of explaining below the n type Schottky diode shown in 
drawing 4 (f). 

[0041]First, as shown in drawing 4 (a), n type SiC substrate 12 which has a Si face is prepared 
for the 1 surface. On the low resistance substrate 10 which consists of SiC with a n type 

1 Q _o 

impurity concentration of a 1x10 cm and a thickness of 300 micrometers as SiC substrate 
12 here, Suppose that what formed the n type high resistance layer 1 1 with an impurity 

•j r o 

concentration of a 5x10 cm and a thickness of 10 micrometers by the epitaxial method is 
used. Other n type impurities, such as P (phosphorus), may be used instead of using N (nitrogen) 
as a n type impurity. Or both they may be used. 

[0042]Next, by the same method, as shown in drawing 4 (b), the carbon electrode 13 is formed in 
the rear face (C side) of the field in which the n type high resistance layer 1 1 of the low 
resistance substrate 10 was formed as a 1st embodiment explained the carbon electrode 5. This 
carbon electrode 13 is used as a cathode terminal. Subsequently, the thin film pattern 18 which 
consists of an oxide film or a metal is formed on the n type high resistance layer 1 1. P type 
impurity ion, such as B (boron), is poured into the surface area of the n type high resistance 
layer 1 1 with ion implantation, using this thin film pattern 18 as a mask. Then, the guard ring 14 is 
formed by performing heat treatment of about 1600j£* and activating pouring ion. Here, B 
(boron) ion was poured into the field from the surface of the n type high resistance layer 1 1 to a 
depth of about 0.7 micrometer by multi stage pouring which set accelerating energy to 10 - 
350keV and for which it made the total dose 1.6x10 13 cm~ 2 . As a result, the guard ring 14 of 
2x10 cm was obtained for impurity concentration. 

[0043]After removing the thin film pattern 18 from the n type high resistance layer 1 1, as shown 
' n drawing 4 (c), the thin film pattern 1 9 which consists of an oxide film or a metal is formed on 
the n type high resistance layer 1 1. Next, n type impurity ion, such as P (phosphorus), is poured 
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into the surface area of the n type high resistance layer 1 1 with ion implantation, using this thin 
film pattern 19 as a mask. Then, the depletion layer restricted space 15 is formed in the outside 
of the guard ring 14 by heat-treating and activating pouring ion. Here, accelerating energy was 

set to 10 - 200keV, it made the total dose 5x10 15 cm" 2 , and P (phosphorus) ion poured it into 
the field from the surface of the n type high resistance layer 1 1 to a depth of about 0.3 
micrometer by multi stage pouring. As a result, the depletion layer restricted space 15 of 1x10 

cm was obtained for impurity concentration. 
[0044]Although activation for forming the activation and the depletion layer restricted space 15 
for forming the guard ring 14 was independently performed in the above process, they may be 
performed simultaneously. Although P (phosphorus) was used as n type impurity ion, using B 
(boron) ion as p type impurity ion, it is not restricted to these, but aluminum (aluminum) etc. may 
be used as p type impurity ion, and N (nitrogen) etc. may be used as n type impurity ion. 
[0045]After removing the thin film pattern 19 from the n type high resistance layer 1 1, as shown 
in drawing 4 (d), It forms so that the surface which exposed the insulator layer 16 like an 
oxidized silicon film using photolithography method, the RIE method, etc. between the guard ring 
14 of the n type high resistance layer 1 1 and the depletion layer restricted space 15 may be 
covered. This insulator layer 16 may cover the part and the depletion layer restricted space 15 
of the guard ring 14. 

[0046]Next, as shown in drawing 4 (e), Ti film 20 used as an anode electrode is formed in the 
field in which the insulator layer 16 of SiC substrate 12 was formed. Electron beam evaporation, 
a CVD method, a sputtering technique, etc. can be used for formation of Ti film 20. 
[0047]As shown in drawing 4 (f), the anode electrode 20 is formed by patterning Ti film 20 using 
photolithography method, the RIE method, etc. Specifically, a thin film pattern is first formed on 
Ti film 20 corresponding to the field which should form an anode electrode. And an anode 
electrode is formed by etching Ti film 20, using this thin film pattern as an etching mask. Then, 
the anode electrode 20 and the n type high resistance layer 1 1 obtain the n type Schottky diode 
which carried out the Schottky barrier by removing a thin film pattern from the anode electrode 
20. 

[0048]In the Schottky diode obtained by the method mentioned above, it forms by the same 
method as a 1st embodiment explained the cathode terminal 13 about the carbon electrode 5. 
Therefore, in this diode, the contact resistance between the cathode terminal 13 and the low 
resistance substrate 10 was a 1x10 omegacm grade and a very low value. When the high- 
temperature-operation examination at 300 ** was presented with this diode, the contact 
resistance between the cathode terminal 13 and the low resistance substrate 10 did not change 
for 1000 hours or more. Thus, according to this embodiment, the Schottky diode excellent in the 
long-term stability under high temperature service is realizable. 

[0049]Although the carbon electrode having contained only the carbon nanotube was formed as 
the cathode terminal 13 in a 2nd embodiment, When the carbon electrode which contained 
further the graphite layer which carried out orientation at random is formed between the 
substrate 12 and a carbon nanotube layer, the almost same effect can be acquired. A metal 
membrane may be formed on the surface of a carbon electrode, and the combination of a carbon 
electrode and a metal membrane may be used as a cathode terminal. In this case, since the 
electrical property and heat dissipation nature of a cathode terminal are equalized over the 
whole electrode, it is advantageous in the viewpoint of the high temperature operation of a 
device. Although the above-mentioned embodiment described the case where a n type SiC 
semiconductor substrate was used as SiC substrate 12, the same effect can be acquired when a 
p type SiC semiconductor substrate is used. 

[0050] Drawing 4 (a) pn diode can be manufactured only by changing slightly a part of process 
explained with reference to - (f). This is explained referring to drawing 5 . 

[0051] Drawing 5 is a sectional view showing roughly pn diode concerning a 2nd embodiment of 
this invention, pn diode shown in drawing 5 can be obtained by forming the p type region 21 and 
the p + type low resistance area 1 7 which are shown in drawing 5 instead of in the case of the 
process of, for example, forming the guard ring 14 shown in drawing 4 (b) etc. [ the p type guard 
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ring regions 14 ] 

[0052](A 3rd embodiment) According to a 3rd embodiment the formation method of the carbon 
electrode explained by a 1st embodiment is used for manufacture of a n type Schottky diode. 
According to a 3rd embodiment, unlike a 2nd embodiment, the art explained not only to a 
cathode terminal but to the anode electrode by a 1st embodiment is applied. 
[0053] Drawing 6 (a) - (c) is a sectional view showing roughly the manufacturing method of the n 
type Schottky diode concerning a 3rd embodiment of this invention. The process of the method 
concerning this embodiment shown in drawing 4 (d) is the same as that of the manufacturing 
method of the n type Schottky diode concerning a 2nd embodiment. Therefore, only a point of 
difference with the manufacturing method concerning a 2nd embodiment is explained here. 
[0054]In manufacturing the n type Schottky diode shown in drawing 6 (c), the structure shown in 
drawing 4 (d) is acquired first. Next, using the CVD system shown in drawing 2 , by the same 
method, as shown in drawing 6 (a), the carbon cluster 2 is formed in the surface (Si face) of the 
n type high resistance layer 11 as a 1st embodiment explained. 

[0055]Subsequently, the surface is irradiated with a laser beam to the n type high resistance 
layer 1 1 in which the carbon cluster 2 was formed, using an YAG laser here, for example — the 

—9 — 9 

output — 0.5 - 2. 5 Jem — it is preferably considered as 1.0 - 2.0Jcm . This forms the carbon 
electrode 23 which grew up the carbon nanotube 3 and contained the carbon nanotube on the n 
type high resistance layer 1 1 , as shown in drawing 6 (b). According to this embodiment, this 
carbon electrode 23 is used as an anode electrode. 

[0056]As shown in drawing 6 (c), the carbon cluster 2 which remained on the insulator layer 16 
using photolithography method and RIE is removed. The Schottky diode in which the anode 
electrode 23 and the n type high resistance layer 1 1 carried out the Schottky barrier as 
mentioned above is obtained. 

[0057]In the Schottky diode obtained by the method mentioned above, it forms by the same 
method as a 1st embodiment explained the both sides of the cathode terminal 13 and the anode 
electrode 23 about the carbon electrode 5. Therefore, in this diode, the contact resistance 

between the cathode terminal 13 and the low resistance substrate 10 was a 1x10 ~ 6 omegacm" 2 
grade and a value low enough. When the high-temperature-operation examination at 300 ** was 
presented with this diode, neither the contact resistance between the cathode terminal 13 and 
the low resistance substrate 10 nor the contact resistance between the anode electrode 23 and 
the n type high resistance layer 1 1 changed for 1000 hours or more. Thus, according to this 
embodiment, the Schottky diode excellent in the long-term stability under high temperature 
service is realizable. 

[0058]Although the carbon electrode having contained only the carbon nanotube was formed as 
the cathode terminal 13 and the anode electrode 23 in a 3rd embodiment, When the carbon 
electrode which contained further the graphite layer which carried out orientation at random is 
formed between the substrate 12 and a carbon nanotube layer, the almost same effect can be 
acquired. A metal membrane may be formed on the surface of a carbon electrode, and the 
combination of a carbon electrode and a metal membrane may be used as a cathode terminal or 
an anode electrode. In this case, since the electrical property and heat dissipation nature of a 
cathode terminal or an anode electrode are equalized over the whole electrode, it is 
advantageous in the viewpoint of the high temperature operation of a device. Although the 
above-mentioned embodiment described the case where a n type SiC semiconductor substrate 
was used as SiC substrate 1 2, the same effect can be acquired when a p type SiC 
semiconductor substrate is used. 

[0059]pn diode can be manufactured only by changing slightly a part of process mentioned above 
like a 2nd embodiment. This is explained referring to drawing 7 . 

[0060] Drawing 7 is a sectional view showing roughly pn diode concerning a 3rd embodiment of 
this invention, pn diode shown in drawing 7 in the case of the process of, for example, forming 
the guard ring 14 shown in drawing 4 (b). The p type region 21 and the p + type low resistance 
area 17 which are shown in drawing 7 instead of can be formed, and it can obtain by carrying out 
the process same with having mentioned above etc. except it. [ the p type guard ring regions 
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14] 

[0061](A 4th embodiment) According to a 4th embodiment, the formation method of the carbon 
electrode explained by a 1st embodiment is used for manufacture of a n type Schottky diode. 
Although the art explained to the both sides of a cathode terminal and an anode electrode by a 
1st embodiment like a 3rd embodiment is applied in a 4th embodiment, unlike a 3rd embodiment, 
these electrodes are formed simultaneously. 

[0062] Drawing 8 (a) - (d) is a sectional view showing roughly the manufacturing method of the n 
type Schottky diode concerning a 4th embodiment of this invention. In manufacturing the n type 
Schottky diode shown in drawing 8 (d), the structure shown in drawing 8 (a) is acquired first. The 
structure shown in drawing 8 (a) is the same as the structure shown in drawing 4 (d) except the 
cathode terminal 13 not being formed. Here, the silicon nitride film was used as the insulator 
layer 16. 

[0063] Next, using the CVD system shown in drawing 2 , by the same method, as shown in drawing 
8_(b), the carbon cluster 2 is formed in the surface (Si face) of the n type high resistance layer 
1 1 as a 1st embodiment explained. 

[0064]Subsequently, a vacuum heating process is performed within the electric furnace which 
equipped the surface with the induction-heating type carbon heater to the substrate 12 in which 
the carbon cluster 2 was formed. Thereby, as shown in drawing 8 (c), the carbon nanotube 3 is 
grown up on each surface of the low resistance substrate 10 and the n type high resistance 
layer 1 1, and the carbon electrodes 13 and 23 which contained the carbon nanotube, 
respectively are formed. According to this embodiment, these carbon electrodes 13 and 23 are 
used as a cathode terminal and an anode electrode, respectively. 

[0065]As shown in drawing 8 (d) t the carbon cluster 2 which remained on the insulator layer 16 
using photolithography method and RIE is removed. The Schottky diode in which the anode 
electrode 23 and the n type high resistance layer 1 1 carried out the Schottky barrier as 
mentioned above is obtained. 

[0066]In the Schottky diode obtained by the method mentioned above, it forms by the same 
method as a 1st embodiment explained the both sides of the cathode terminal 13 and the anode 
electrode 23 about the carbon electrode 5. Therefore, in this diode, the contact resistance 

between the cathode terminal 13 and the low resistance substrate 10 was a 1x10 omegacm 
grade and a value low enough. When the high-temperature-operation examination at 300 ** was 
presented with this diode, neither the contact resistance between the cathode terminal 13 and 
the low resistance substrate 10 nor the contact resistance between the anode electrode 23 and 
the n type high resistance layer 1 1 changed for 1000 hours or more. Thus, according to this 
embodiment, the Schottky diode excellent in the long-term stability under high temperature 
service is realizable. 

[0067]According to a 4th embodiment, a metal membrane may be formed on the surface of a 
carbon electrode, and the combination of a carbon electrode and a metal membrane may be used 
as a cathode terminal or an anode electrode. In this case, since the electrical property and heat 
dissipation nature of a cathode terminal or an anode electrode are equalized over the whole 
electrode, it is advantageous in the viewpoint of the high temperature operation of a device. 
Although the above-mentioned embodiment described the case where a n type SiC 
semiconductor substrate was used as SiC substrate 12, the same effect can be acquired when a 
p type SiC semiconductor substrate is used. 

[0068]pn diode shown in drawing 7 can be manufactured only by changing slightly a part of 
process mentioned above like a 3rd embodiment. In namely, the case of the process of forming 
the guard ring 14 which pn diode shown in drawing 7 shows to drawing 4 (b). for example. The 
portion located inside the p type guard ring regions 14 of the surface area of the substrate 12 
surface can be made into the p type low resistance area 17, and it can form by carrying out the 
process same with having mentioned above etc. except it. 

[0069]As mentioned above, in this embodiment, the vacuum heating process for forming the 
vacuum heating process and the anode electrode 23 for forming the cathode terminal 13 is 
performed simultaneously. That is, according to this embodiment, a Schottky diode can be 
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manufactured in the process simplified more. 

[0070](A 5th embodiment) According to a 5th embodiment, the formation method of the carbon 
electrode explained by a 1st embodiment is used for manufacture of a n type static induction 
transistor. 

[0071] Drawing 9 (a) - (g) is a sectional view showing roughly the manufacturing method of the n 
type static induction transistor concerning a 5th embodiment of this invention. According to this 
embodiment, the n type static induction transistor shown in drawing 9 (g) is manufactured by the 
method explained below. 

[0072]First, as shown in drawing 9 (a), n type SiC substrate 12 which has a Si face is prepared 
for the 1 surface. On the low resistance substrate 10 which consists of SiC with a n type 

impurity concentration of a 1x10 cm and a thickness of 300 micrometers as SiC substrate 
12 here, Suppose that what formed the n type high resistance layer 1 1 with an impurity 

concentration of a 5x10 15 crrT 3 and a thickness of 10 micrometers by the epitaxial method is 
used. Other n type impurities, such as P (phosphorus), may be used instead of using N (nitrogen) 
as a n type impurity. Both they may be used. Next, the carbon electrode 31 which contained the 
carbon nanotube as a drain electrode is formed in the rear face (C side) of SiC substrate 12 by 
performing a vacuum heating process within the electric furnace provided with the induction- 
heating type carbon heater to this SiC substrate 12. 

[0073]Subsequently, the n + field used as the source region is formed in the surface area of SiC 
substrate 12 by performing the ion implantation to the surface (Si face) of SiC substrate 12, and 
heat-of-activation processing one by one. First, as shown in drawing 9 (b), specifically, the thin 
film pattern 33 which consists of a metal or an oxide is formed in the surface of the substrate 
12. Subsequently, n type impurities, such as P (phosphorus), are poured into the surface area of 
the n type high resistance layer 1 1 with ion implantation, using this thin film pattern 33 as a 
mask. By performing heat treatment of about 1600 ** to the substrate 12, pouring ion is 

activated and the source region 32 is formed. Here, it made the total dose 5x10 cm by 
having set accelerating energy to 10 - 200keV, and P (phosphorus) ion poured it into the field 
from the surface of the n type high resistance layer 1 1 to a depth of about 0.3 micrometer by 

multi stage pouring. As a result, the source region 32 of 1x10 20 cm~ 3 was obtained for impurity 
concentration. 

[0074]After removing the thin film pattern 33 from the n type high resistance layer 1 1, as shown 
' n drawing 9 (c), the surface area of the n type high resistance layer 1 1 is made to diffuse a p 
type impurity in high concentration, and the gate region 34 is formed in the outside of the n type 
source region 32. Specifically, the insulator layers 35 patterned after the upper surface of the n 
type high resistance SiC substrate, such as an oxide film and a nitride, are formed first. 
Subsequently, p type impurities, such as B (boron), are poured into the surface area of the n 
type high resistance layer 1 1 with ion implantation, using this patterned insulator layer 35 as a 
mask. By performing heat treatment of about 1600^ to the substrate 12, pouring ion is 
activated and the gate region 34 is formed. 

[0075]Here, it made the total dose 8x10 14 cm" 2 by having set accelerating energy to 10 - 
350keV, and B (boron) ion poured it into the field from the surface of the n type high resistance 
layer 1 1 to a depth of about 0.7 micrometer by multi stage pouring. As a result, the gate region 
34 of 1x10 cm was obtained for impurity concentration. 

[0076]Next, as shown in drawing 9 (d), the portion located on the n type source region 32 of the 
above-mentioned insulator layer 35 is selectively removed using photolithography method and 
the RIE method. The insulator layer 35 patterned in this way should just be formed at least on 
the field between the n type source region 32 of the n type high resistance layer 1 1, and the p 
type gate region 34, and may cover selectively the n type source region 32 or the p type gate 
region 34. 

[0077]Subsequently, by the method same with having explained with reference to drawing 1 (b) in 
a 1st embodiment, as shown in drawin g 9 (e), the carbon cluster 2 whose particle diameter is 
several angstroms - tens ofA is formed in the surface (Si face) of the n type high resistance 
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layer 1 1 . As shown in drawing 9 (f), the n type high resistance layer 1 1 in which the carbon 
cluster 2 was formed on the surface is irradiated with a laser beam, using an YAG laser here, for 
example — the output — 0.5 - 2.5Jcm" 2 — it is preferably considered as 1.0 - 2.0Jcm~ 2 . 
Thereby, the carbon nanotube 3 is grown up on the n type high resistance layer 1 1, and the 
carbon electrodes 39 and 40 which contained the carbon nanotube 3 f respectively are obtained. 
According to this embodiment, the carbon electrode 40 is used as a gate electrode, using the 
carbon electrode 39 as a source electrode. 

[0078]As shown in drawing 9 (g), the carbon cluster 2 which remained on the insulator layer 35 is 
removed using photolithography method and the RIE method. The static induction transistor 
shown in drawing 9 (g) as mentioned above is obtained. 

[0079]In the static induction transistor obtained by the method mentioned above, it forms by the 
same method as a 1st embodiment explained the drain electrodes 31, the source electrodes 39, 
and all the gate electrodes 40 about the carbon electrode 5. Therefore, it is a value in which the 
contact resistance between the source electrode 39 and the n type source region 32 is as low 
enough in this transistor as [ below ] 1x10 ~ 6 omegacm~ 2 , The contact resistance between the 
gate electrode 40 and the p type gate region 34 was below 1x10 " 5 omegacm" 2 and a value low 
enough, and the contact resistance between the low resistance substrate 10 and the drain 
electrode 31 was below 1x10 omegacm and a value low enough. 

[0080]Although the carbon electrode having contained only the carbon nanotube was formed in a 
5th embodiment as the drain electrode 31, the source electrode 39, and the gate electrode 40, 
When the carbon electrode which contained further the graphite layer which carried out 
orientation at random is formed between the substrate 12 and a carbon nanotube layer, the 
almost same effect can be acquired. A metal membrane may be formed on the surface of a 
carbon electrode, and the combination of a carbon electrode and a metal membrane may be used 
as a drain electrode, a source electrode, or a gate electrode. In this case, since the electrical 
property and heat dissipation nature of these electrodes are equalized over the whole electrode, 
it is advantageous in the viewpoint of the high temperature operation of a device. Although the 
above-mentioned embodiment described the case where a n type SiC semiconductor substrate 
was used as SiC substrate 12, the same effect can be acquired when a p type SiC 
semiconductor substrate is used. 

[0081](A 6th embodiment) According to a 6th embodiment, the formation method of the carbon 
electrode explained by a 1st embodiment is used for manufacture of a n type static induction 
transistor. Although the art explained by a 1st embodiment is applied to a drain electrode, a 
source electrode, and a gate electrode like a 5th embodiment in a 6th embodiment, unlike a 5th 
embodiment, these electrodes are formed simultaneously. 

[0082] Drawing 10 (a) - (c) is a sectional view showing roughly the manufacturing method of the n 
type static induction transistor concerning a 6th embodiment of this invention. According to this 
embodiment, the n type static induction transistor shown in drawing 10 (c) is manufactured by 
the method explained below. 

[0083] First, the structure shown in drawing 10 (a) by the method same with having explained 
while referring to drawing 9 (a) - (e) by a 5th embodiment is acquired except not forming the 
carbon electrode 31. Here, suppose that a silicon nitride film is used as the insulator layer 35. 
[0084]Subsequently, a vacuum heating process is performed within the electric furnace which 
equipped the surface with the induction-heating type carbon heater to the substrate 12 in which 
the carbon cluster 2 was formed. Thereby, the carbon nanotube 3 is grown up on each surface of 
the low resistance substrate 10 and the n type high resistance layer 1 1, and the carbon 
electrodes 31, 39, and 40 which contained the carbon nanotube, respectively are formed. 
According to this embodiment, these carbon electrodes 31, 39, and 40 are used as a drain 
electrode, a source electrode, and a gate electrode, respectively. 

[0085]As shown in drawing 10 (c), the carbon cluster 2 which remained on the insulator layer 35 
is removed using photolithography method and the RIE method. The static induction transistor 
shown in drawing 10 (c) as mentioned above is obtained. 

[0086]In the static induction transistor obtained by the method mentioned above, it forms by the 
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same method as a 1st embodiment explained the drain electrodes 31 r the source electrodes 39, 
and all the gate electrodes 40 about the carbon electrode 5. Therefore, it is a value in which the 
contact resistance between the source electrode 39 and the n type source region 32 is as low 

enough in this transistor as [ below ] 1x10 ~ 6 omegacm~ 2 , The contact resistance between the 
gate electrode 40 and the p type gate region 34 was below 1x10 omegacm * and a value low 
enough, and the contact resistance between the low resistance substrate 10 and the drain 

electrode 31 was below 1x10 " 6 omegacm~ 2 and a value low enough. 

[0087]According to a 6th embodiment, a metal membrane may be formed on the surface of a 
carbon electrode, and the combination of a carbon electrode and a metal membrane may be used 
as a drain electrode, a source electrode, or a gate electrode. In this case, since the electrical 
property and heat dissipation nature of these electrodes are equalized over the whole electrode, 
it is advantageous in the viewpoint of the high temperature operation of a device. Although the 
above-mentioned embodiment described the case where a n type SiC semiconductor substrate 
was used as SiC substrate 12, the same effect can be acquired when a p type SiC 
semiconductor substrate is used. 

[0088]In a 6th embodiment, the vacuum heating process for forming the drain electrode 31, the 
vacuum heating process for forming the source electrode 39, and the vacuum heating process 
for forming the gate electrode 40 are performed simultaneously as mentioned above. That is, 
according to this embodiment, the static induction transistor simplified more can be 
manufactured. 
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c*«i tmmmms tommmfip ciiixio- 6 Q 

ilJg^ 1 x l 0 18 cm- 3 W±i:UrcS i CSfil OCSd 

^Kitl5^ML/ci^ S i CiSl 

5 ^OgfliSSxp ctiixi 0" 5 Q cm 2 KTOo 

/Co 

[0 0 3 2] cnfcJtl, WBB2 000-2941 19 
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ffl7jk-£tirc-%mc&9\ & ^ c & # - ^ >^ 
yfa-7wu -f-ne. ^-^K 

*s i emmemms^, *-#'ytyfa-7its 

ommm.tnp caixio-'Qc m 2 &,±timic*:% 

[0 0 3 3] OLtfrib. S i CIitA-*>tyf jl 

# > 1- ; a - y i: * * t c & m s -a- tc m -a- £ Jt ^ r a * 

[0034] ^mmmmicgk^mxm^ri^m 
mmmsn, s i catsi±^a*o*-d?>'^y^- 

/WI?|ftlc*£^LT^3fci6, S i CiltA-t^t 
fcb^T. S i CS«t*-t*Vt/fa-yi:<OTO!B 

t<v\ c ©£■?£, *nMBmic&&t, sicii 
[0035] *n«s«J8t«s^}5fel?fi, XfflbaJKtftia 

©igA-^BtHK J5& tT*-^t/fa-73 Oft £ £ 
iDi^^lU^T-R^VSrc^iOfti/^P^tcfe/co 

* JBfiR-r 5 C T* * 5 o 0U * «\ ±SE HffltaJJMQS . 
£\ 1. 0X1 0- 2 PaWTOEAT, 1 2 0 0°C<D'U 
ST0. 5^oft«^ ft^*^5 nmOA-t^ 

^JHIl^r 1 4 0 0 T©igfiT- 0 . 5 ^FHfTo tcM^ « 
ft^*^5 0nm©A-t;yf/fa-73i&fl5Ci: 

±iBSc^*n^jaa* i 6 o otoiasT-o. 5 

B^ffo &ft£##j 3 0 0 nm<DA-*>t/ 

?-i-734i5Ctm5. 
[0 0 3 6] LfrL&tfe>, M1I5©I? 
>t/fa-73 0I?0¥^) *M /imfcjffijtSi:, 

s i cstsi fcKsR^ffisfconaoBaKa^oa^^j: 
nuASffuimxa 1 . 0 x 1 0-2 a c mmmczz-m 

ItlDLTbS^o LfctfoT, KSSSSffi5©J£S 
>tyfa-?3<0S?O¥^) t±, 1 (jmWTT-a&S 

[0037] ^mmmmicm^misit, mmmms^ 
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tcif^yr-f h%m&t£-&&cttfT'%&o mis. Hi 

(b) \C7jk-? J: •? S i It*-*>?77? 2=&JB/j£ 
Lfc S i CSS 1 ^*-t^ty ^-a-70««jSfi«J: 
DKl/^fi 1 8 0 0~2 0 0 OXlCiQSA-r^i:, SiC 

mm 1 ±ciiA-t>ytyfa-m%<> ^vxa 
izmfo^rc??? t j htf&is.? nzo --ft. s i ci 

mi ©CffifCttLTte, S ifflOi^tS4D, 

70 [0 0 3 8] LfctfoT, 0U*«\ ±!5m^ADSaSaiIO 
2*V6iBKi:U *V^, ±tlTy77 7-l'h* ( M 
777 7-)' h^SLtf*-4-'>7-y^-zi- 7® tfHUKHJB 

[0 0 3 9] (S2 ©SSSSJBfB) US 2 ©lUSgff^TJi:, 
[0040] 04 (a) ~ (f ) »i, #f£B£©l?l 2 ©H 

«wswt^-r»fa!H-p**o *#s*jb«tu\ 04 

f Soffit «fc 9 flMH-TSo 

[0041] ft, 14 (a) ic^-t^o^ — mmtc 

S iMfnnlOS i Clil 2*tMfrr5o 
T*tt> S i CS« 1 2 fc LT> nS^«»»JS^ 1 x 1 
30 0" c m" 3 T'J6t)10iJtf3 00/imOS i C 

tefJijS^S x l 0 15 c m- 3 TSt)S.Ojf 1 0 /im© 

IC % P (M) *OiOnaJFM**il^tiv\ Dt^ 
[0 0 4 2] J^C, ^1 OSIfifiJBffiTK^m8i5lCB8L 

■ Tmwi,tz<Dtmm<D?5mc&*). m4 (b) tc^-rj; 

a fc . fgSmSffi 1 0 O n ^«}Sfix« 1 1 L fcffi 

40 Offii (Cffi) (<:j^iR«ffii 3«r^fiE-TSo 

8?rfl5^-r?. 0 C(Dii/^->l 8 

^ttAts. 1 6 o o°cmm.<ofmm*mi,T 
aA'r^^SttffrsctK.fco^-Kuv^i 4^ 
ffM-T^o &*5, ctm b (#d» ^tyti, Ad 
iSiir-yl^-S: 10~350keV, J£F— Xfi* 1 . 
50 6 X 1 0'»cm-*i:Lfc£»aAfc«fc9> nSa*»SiJB 
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l l ©*S*r>6RS0. 7/imgglt<7)»iiAl 
fc 0 *<D*g*, T«»lfi^2 xi0 17 cm-^^-F 

[0 0 4 3] n§yjft»jnJl 1 1 fr5»Bt'<*-> 1 8 
l»iL/c», 0 4 (c) K*vr«fc3lC niMKll 

9 COSB^-yi 9^TX^t 

D . H U >^ l 4 0ftMfc££JIMIBtttt 1 5 
^c-r^o Utlt P (») A0aix*rt^- 
£10 — 200keV, |-gF-XM5 x l 0 15 cm' 2 

fcu ^sax^D. n^fim/ii loaffi^ew 

MMUEtfl x l 0 20 cm- 3 cD^^*iJP^l5?l 5tfH 
[0 0 4 4] W±©yp«T'^ *'-K'J^14* 

•r s fc«>o«ttffc»3 k Ktr^ rc^, *n 6 

>£LTN (SIR) *if*ffll/^Tfc<t^o 
[0 0 4 5] nSHSSSiJi 1 1 ^6»B^-V1 9 4 

»*b/fc«, i4 (d) tc^-r^Mc, 7*h'jyy5 
MM 16 4, n SSbS3n/I 1 1 <DJ5— F U >^ 1 4^:5 

tcMfSo ccommmi *-K»jyyi 4^- 

[0 0 4 6] Jftfc, 0 4 (e) ^^-r^-5tC S i CI 
TfUffl-T £ T i M 2 0 £ 0 Til20 <DJg/£lC 

[0047] 4 (f) fcavrj^fc. y'^-h 

fc»*SLTT 1112 0±KiaWII^4r-V**J«-r«o * 

TTiI2 0^x-yfy^ti)i:i:(cj;D7/-FlI 
*JK«-rSo 7/-Fti2 0fr6WI^- 

£a/f 1 1 fctfi/a * h*-»^LfcnSaS/3 y h*—i? 

[0048] ±5Ebfc*ffiTf# ens^H ^ h*— £V 
*-FTtt, *y-F«i 1 3^1 (ommmmvmm 
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■mm 5 tc h l xmm l *t o t n« *c 

V>^ 0 ^(Dfctb, CCD#"f*- FlCfcl^T, *y— K* 
ffi 1 3 kfgSJnS* l 0 kOBKOSftkSSitt l x 1 o- 6 
Qcnr 2 ^Sk®i6TfgvMlT^o/Co CO^ 
F4 3 0 0°CTO^SK3^8S^^«L/chC5, * 
V- K«a 1 3 kffiSfixSK 1 0 fcOM086«fiSttt 1 
0 0 0-Bf»«±*fb'rS-C kttft*^ofco C<D£?K:, 

3 y h^Vt-F^Hmci:^WI»o 
70 [0 0 4 9] S2 0l»^im *V-KMl3t 

U «*Wii;&«MfcOfi**fe***y-Kmii: 
LTffl^Tfe«fcK *y-K*«0«*W» 

20 «0B»-Ptt, SiClil 2kLTnSOS i C*»i* 
a^^ffl^/c^^O^T^rc^, p§L j <DS i C^3J 

[0 0 5 0] 04 (a) - (f) 4#F$ L, Tt#W \^fc~f 

n^x<D-%mmfric^-f&retfr\ P n f 
^sajg-rscik^T^So cnico^Tii, 0 5%#p.§ 

[0 0 5 1]H5tt, *SMao^2 0H*»JR^«Sp 
n^V*- F^ffiBSWtc^-rBrSHTfe^o 0 5tc;rrf 
pn^V^-F^ ffilAtf. 0 4 (b) tcavrar— ku 
^14?:Mt§Ii», pSW-KUi^fiW* 

1 4o«b0ji:ia5fc^-rpS!««2 iatfp*a!ffifi 

[0 0 5 2] (*3 0SISS®!8) *3 0«B6»-eB, 

ttsHbrcK*«*ojej«*tt**jS'rso m3<Dn&& 
«2<o*«jB«fc*4aaD. *y— k««^j 

T?^<, 7 p y"K*«k:feJlllO*»K«ITWflBL?ta 
[0053] 06 (a) ~ (c) tt. *^^3 0^ 

ffitt, 04 (d) tc^-rxssTti. mzcDMM&mic 

il^n^v-a -y F*-^^—FOffljJg7?S TRUSTS 
[0 0 5 4] 06 (c) ^fn^>3 7F^-^V^ 

-KSHitnica!), s-r, 04 (d) t*-r«is* 

50 f#£o ^tC, !2^tCVDgI»^ SlO^ 
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[0 0 5 5]*^\ SHtc^-^V^X^ 2£ffM 

Z> 0 CCTtis #iJ*-tf, Y A G 1f-£;f£fflU 
ft^O. 5~2. 5Jcm- 2 , »SL<(il. 0~ 
2. OJ crrr 2 ^t-£o CWaO> 16 (b) tC^T 

3*&f£-r%> 0 *nm&mvi*s coi&tmmmz 3^7 

[0 0 5 6] 16 (c) 

U V^y^&tfR I E*/B^T«»Bt 1 6±*c«B 
T> 7/-FSI2 3£n§^SinJf 1 1 h 

[0 0 5 7] ±abfc*ffi-p»6ns->3 * h^-^V 

*-Fm *V-KWl 3M7/-F1I2 3 CO 

*-Ftc;fc^T> *V-FMl 3£{£g*i«ffil 0 
^RBO&ttjgfiiW: 1 x l O^Qcm^gt^+^cfr 
ffl-efeofco Sfc, COW*- F£r3 0 0 o C-c?c0^S 
Ift»«l/-c^c5, *V-FIIl 3tl&m.friM 
fil 0fcOIIBO*)l*»fflLRtf7'> r -FWi2 3^nSiS 
ffiSxJl l 1 4:©M©l^fiffi©^-fnt> l 0 0 0B*|1BW 

±atfw*<: fctta^ofeo ccD^^tc *nss^tc 

- W *- F **3H"T 5CtffM5. 30 
[0 0 5 8] »3 0*aiBP»Ttt, *V-F«il3» 
XST /— K1S2 3i:LT, %—tf>j'S?'n. — 7<Dfr 

±l5jUS*»Ttt, SiClffil 2^LTnSOS i C 

[0 0 5 9] S20HfilBg!Bi:ra*k:, ±JSL/c7 p n-t 
XO-»«fll^*c:«Jg-rS3etj-P, p n W*- F*B 

[0 0 6 0] B7tt, *9m<D9l3<DMtmmiz&Zp 50 
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n W*- F*«ftWK3*"fWEHEIT>*3o B7tc;jVr 
pnW*-Ftis f?0*-tf> 114 (b) fcaVrtf-FU 
vyi4t»*t«Il©l8k:, pS^f-KU>y«« 

1 4o«too»cH7jc^-rps««2 ij&ifp+m&m. 

[0 0 61] (Jg 4 OmfiSJgSQ « 4 0*Hfc»j»Ttt, 

JB3 0*jratt£ttAft!K ^ft&WS^HWF 
[0 0 6 2] 18 (a) - (d) tt, *$£W<Dm4<Dm 
«»W»C*-r»fffiB|-p*So 13 8 (d) ^tni^a 

^ h*-w*-F*«ii-rs*ca9, s-r. is 

(a) KiR-r«l3t*»5o B8 (a) fc3R"r«BH4, * 

(d) tc^-r«ifii:|p|«Tfe*o &*5* ccm MM* 
M 1 6 t LT»tftJlM*ffl^fco 

[0 0 6 3] 3Wc, B2n:s-rc VDgf^^r, % 

(b) tc^r^-Mc, nSKSSiJll lOil (S i 
[0 0 6 4] a®tC^-^>'^^X^2^ffM 

(c) fggfixSffil 0M n^ig}g#iJf 

1 1 o*nfnosffit**-*>tyfa-73triSfi 

1 3, 2 3*««T5. cn&R*t 
« 13, 2 3 ^^y- F1IM7/ - Flii: LTf 

[0 0 6 5] 08 (d) £5rr«fc-5lc, 7* b 

Uy^77Yi*MR I E^^TMl 6±JCS§ 
Lfc* — tFV^X* 2£rRfc£-rs 0 tt±0£-5K:L 
T\ 7/-FW23fcnffl*itWl rt^avF 

[0 0 6 6] ±ifiLte36rttT»6n*^3 y F^-^V 
FT^i, ^y-FSil 3Rl/7y-FSi2 3(D 

Flc*5V>T, *y-Ftti 3^fgSJnS^l Ot 
OP^O^«*gKti 1 X 1 0" 6 Qc m- 2 igJg^+^Hc{gl> 
fSTfeofco C(Dm-F«:3 0 0°CTOSS 

B6^K^c«b/ci:c5> *V— K«ai 3 fcfifiSta 
tS l 0 ^OH<D»ttSfexBLtf7y - F«a2 3i:nSS 

staM 1 1 t©H©»ftfc»tto^>-rnfe 1 0 0 ob#p^w 

±Sftt5c ^ti^^o/c 0 uO^"5tc, 
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[0 0 6 7] !g 4 <03ttfc»UBTtt, «BR«S<D*ffifc& 
-KHSi5gi^i7 , y-K«ffi^LTffiv^Tt<J:t\ CCD 

s i cifii 2^bTn§aos i c^mwm 

[0 0 6 8] Sfe* Sg3 0|gffi®®£|ia«Hc. ±a?bfc 
izmfp n^-Y*— Ftt. fiH*tf* (14 (b) EaVT** 

ps#- f y i 4 ortfifl^ffifi-r 

[0 0 6 9] ±2?<D£Mc, *HSfiJgSg-T«x #y-F 

in 3**j«r«fcft^jiffiiiafwrafc7y-Km 

[0 0 7 0] OS 5 © HSB&«) IB 5 OH«0B«T-«\ 

[0 0 7 1 ] i9 ( a ) — ( g ) ti. #5gf!H£>MS 5 30 
Sfi»aSlc«S n ISMR* F 9 ©«iBW8;*« 
BSWtc^-rWffiHTfiSo **flS»«T»t±, 0 9 (g) 

[0 0 7 2] S-f, 0 9 (a) Ka^T J; 5 tC— SffilC S 
iBSrfrTSnS^S i ClSl 2^*i»-r§o CCT 
tt, S i CSi 1 2 4: IT, nS^«M*tf 1X10 
19 cm- 3 t'feDfl^f?tf3 0 0 /zmCOS i Cfr&ftS 

1«*5X 1 0 15 c m" 3 T^0lOl^^ 1 0 /imOn 40 

&*5, n^^fi^LTN (SIR) «rffl^5f^tot>fc, 

h6W^^Tfeitoft^o 3fc£, COS i Cltl 

B (Cffi) £ FU-Y>^i^ LT^^>t/fa-^ 
*$/uf£«SR«i3 1 *MtS 0 
[0 0 7 3] #^T\ S i Clfil 2 0gffi (Si®) 
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««*Mt5o JlteWKite, $?\ 0 9 (b) fcjj^f 

SBi^^->3 3*©fi8-rSo 

QK) «On9!7M«l«nai!K8lfiJll lOOTHWli: 
iiAf^o S&fc, l«i 2tc l 6 0 0"CSftojftftia 

*ssrfc aA^*>*iSttYts^T, y— x 

S83 2Wn o CCTtt, P («) *P 
ax*;l/^- 1 0~200keV. J8K-XI4 5X 
1 0 15 cm" 2 kLT^SiiAlCAD, n^gSSiSll 

tojgui, ?fmmm&&i x 1 o 2o cm- 3 (oy-^8 

3 2*^»6tlfco 

[0 0 7 4] nmtlgffiMl lfr&nM'**->3 3* 
»*bft«, H9 (c) fcjR-r«fc3fc:; nSMK&ffiJIl 

i <d»b««ic P s^M»*i;istca»s«T, n§y 
s«i z\z i 6 o orasofRjaa^fis-rcii: 

[0 0 7 5] ccm B (3pp» -f^-vti, in^ix 
* 10~350keV, X«*6 X 1 0 

ffi^68S0. 7/imiSS"e<D««lcaAl/fto to 
fijR, ^«»iStflxiO"cm- 3 oy-h««3 4 

[0 0 7 6] mc. H9 (d) te^r^-Mc. 7* FU 
V^77^SStfR I Ej£*fl§l^T\ ±iBOffi»M3 5 
tDnSV-X«*3 2±»Cffl«-r*«B»*aiJWWfc||§ffi 
-T&o CO<fc5fc:/<*— x>^snfe«Mi«3 5 

fcp3sy-nn*3 4 komio«»jite«««nTv>ti 

nffly-Xffi«3 2*^ttpffly— HH«3 4 
[0 0 7 7] #^?\ Si OUSfiJgffitCfel/^TBI 1 

(b) zmMLTmw^rccotmmcDjj&icxOs 09 

(e) tC^-r<ta^; n^ilSfflctfyt 1 lCDSffi (S i 
B) «ug«A^tA^^-*y^7X^2^M 

-r^o H9 (f) ^^-rcfcdtc, mmcx—# 

>*9X*2*JBritbfcnSKSfit)Bl lfcU-lfb:- 

fflU ^tBMO. 5-2. 5Jcm" 2 , !f$l<(i 
1. 0-2. 0Jcm- 2 i:no cmc£9s n^iSS 

Siii i±fc*-#>^y^a-y"3*««s*Ts * 
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s o 

[0 0 7 8] M9 (g) tC^Vr^M^ 

'jv^77^mr i E&zm^T, mmm3 5±ic 

LT, 0 9 (g) tC^:-rf^«^3Sh^>^X^^#^o 

[0079] ±i&Lrcj5&Tmzn%mnmmh^yis 

FW>tl3K V-Xtl3 9, 
-hSj^4 0CQ±T£\ ^ 1 O^SSfl5SgT^iiffi5tc 

<D/c<£u CCD Yzryis7.$\C$o^T, V-Xtl3 9 £ 
ngiV~-X^3 2 fc©H<DSttffiStfcl: 1 x 1 0" 6 Q c 

y-h®«3 4 fcOMO»«fiSttt 1 x 1 0" 5 Q cm" 2 

S1S3 1 ^OFIOgMffln^ 1 x l 0" 6 Q crrr^XT^ 

[o o so] ms^mmmmvit. F^>ii3K 

S6fc* ±IBHS8HK!BT?t±, S i CfiSl 2^LTn§y 

[0081] cm 6 commmm') » e (ommmmv^ 

[00 8 2] 010 (a) - (c) ^ *^OS6 0 

nmmc7rs?mmmv&z>o **aBg«rcwu si 0 
(c) tc^-rn^niiWh^>^x^^. wt^ww 

[0 0 8 3] K^mS3 1 ML^^C^W 

(a) - (e) «r^JSLa^6 
KWLfc©fcH«©#ttfcJ;DBl 0 (a) tc^-f;(iii 
*fiSo &*5. cum W3 5 fcLTfiftSlRM 
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[0 0 8 4] mmcti— #>&57>$2%:J&til 

iftsffii ost/nS*?fi*xJBi i nf nosiT** 

yfa-^/u/clIli3 1 , 3 9, 4 0 

So *nssjB!lR'e«, cn^iii3i, 39, 40 

[0085] 2 0 10 (c) tCSrTcfc-plC, 7* 

h'jy^77^SMR 1 Ej£*fli^T. 5± 

tCLT. 0 10 (c) ^f»«S«h^>^X**f# 

So 

[0 0 8 6] ±aSL/'c^-Cf#6nS»«BI*h^y> f 
FW>tS3 1> V-Xli3 9, Rtfy 
-Fti4 0<D£T£, S 1 0HffiJ&K-?MJK*a 5 te: 

20 (Dfclsb. L©h7 Vv'X^Kl&^T, V-Xli3 9i: 
nSV-Xfi«3 2 2:OnoftM8Sittl x l 0- 6 Qc 
m- 2 WT^+»tc{gvMiiTfeD, y-H«4 0tpS 
h®«3 4 kOPa^SttfiStte 1 x 1 0" 5 Q cm" 2 

ma 3 1 kOMbftftHfitatt 1 x 1 o- 6 Qcm- 2 KTi: 

[0 0 8 7] 96 0lO^Sm «JR«SO*ffiJC* 

v-xig, rtv^y— h«akLTfflv>T 

A^a^JCtofeoTiQ— {t*nsfc«>, fVWXtOl 

te, S i CSffil 2^bTn§yoS i C¥«f*S«*JB 
^fcif^CO^T^/i^ pSOSiC*l*ifi^ 

[0 0 8 8] Sft, »6 0H«S*«T»tt, ±i£<0£? 

y-xM3 9*»*-r*ft«>oj|ffi4oiiMflafc, 

y-htffi4 0*«*^src»OKffl*pj»«iai4:*Bll« 
[0 0 8 9] 

OC*?ra±*|gd**SCfcfc«fcoT, S i C^SMfc 

$ty«««a«:jBric-rso ccoxo^mmmmts \ c 
50 {mznrcnTmwRzf^vmmTi&tfm&'znZo 
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[0 1] (a) - (e) tt, 1 0»»ettlc 

[02] 01 (a) - (e) ^^-r^Tffiffipiftiac 

V DgfiO- 0U**B6a&fc;K-f Ho 
[0 3] ^*>aAJsfe*ffli/^cK*»«B«©»^tt* 



[0 4] (a) - (f) tt, *SgM0^2 0HSBJB«t 

[0 5] *Sffl<D»2©*aBg»c«Spn^>f*--F 
[0 6] (a) - (c) tt, *»raoS3 0Hfli}BIBk: 

[0 7] 3 Oftl^fllS p n F 

[0 8] (a) - (d) *»WO*4©HJ(HB»k: 

^-r^fffi0 e 

[0 9] (a) ~ (g) tt, *^mOR5 0«K«ttc 



[0 1 0] (a) - (c) «\ *»WOS6 0HS8HB« 

^•r»fffi0o 

[ft^O!^] 

1 -S i C»£ 
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